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1

IMAGE RECOGNITION TRAINING DATA
QUALITY ENHANCEMENT

BACKGROUND

The present disclosure relates generally to the field of
image recognition, and in particular, to improving training
data used 1n object detection models.

Object detection models are configured to analyze images
to classity (e.g., identily) one or more objects within each
image. various approaches to object detection exist. Deep
learning approaches to object detection are typically based
on convolutional neural networks (CNNs). Objection detec-
tion models can be used 1n various applications, including,
object tracking, feature detection, vehicle counting, 1image
annotation, and others.

SUMMARY

Embodiments of the present disclosure are directed to a
method, system, and computer program product for image
recognition training data enhancement. A training dataset
including a plurality of labeled 1images can be received, each
labeled 1mage of the plurality of labeled images including a
label represented by a bounding box having a designated
class name. Characteristics of each label can be obtained.
Statistical information for each class name of the plurality of
labeled 1mages can be determined based on the character-
istics ol each label associated with each respective class
name. An outlier test can be performed based on the deter-
mined statistical information for a first designated class
name to receive at least one outlier label having the first
designated class name. The at least one outlier label can be
output as a modification candidate for re-labeling.

The above summary i1s not intended to describe each

illustrated embodiment or every implementation of the pres-
ent disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings included in the present disclosure are
incorporated into, and form part of, the specification. They
illustrate embodiments of the present disclosure and, along
with the description, serve to explain the principles of the
disclosure. The drawings are only illustrative of typical
embodiments and do not limit the disclosure.

FIG. 1 1s a block diagram illustrating an example com-
puting environment 1n which illustrative embodiments of the
present disclosure can be implemented.

FIG. 2 1s a diagram 1illustrating an outlier test based on
label bounding box size, 1n accordance with embodiments of
the present disclosure.

FIG. 3 1s a diagram 1llustrating an outlier test based on
label bounding box aspect ratio, 1n accordance with embodi-
ments of the present disclosure.

FIG. 4 1s a diagram 1llustrating an outlier test based on
label bounding box red green blue (RGB) histogram distri-
butions, 1 accordance with embodiments of the present
disclosure.

FIG. 5 1s a flow-diagram 1llustrating an example method
for 1mage recognition training data enhancement, 1 accor-
dance with embodiments of the present disclosure.

FIG. 6 1s a flow-diagram 1llustrating an example method
for image recognition training data enhancement where the
training data includes a video, in accordance with embodi-
ments of the present disclosure.
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FIG. 7 1s a flow-diagram 1illustrating an example method
for processing proposed modification of labels, in accor-

dance with embodiments of the present disclosure.

FIG. 8 1s a high-level block diagram illustrating an
example computer system that can be used 1n implementing
one or more of the methods, tools, modules, and any related
functions described herein, in accordance with embodiments
of the present disclosure.

FIG. 9 1s a diagram 1llustrating a cloud computing envi-
ronment, 1n accordance with embodiments of the present
disclosure.

FIG. 10 1s a block diagram illustrating abstraction model
layers, in accordance with embodiments of the present
disclosure.

While the embodiments described herein are amenable to
vartous modifications and alternative forms, specifics
thereol have been shown by way of example 1n the drawings
and will be described in detail. It should be understood,
however, that the particular embodiments described are not
to be taken 1n a limiting sense. On the contrary, the intention
1s to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the disclosure.

DETAILED DESCRIPTION

Aspects of the present disclosure relate generally to image
recognition, and in particular, to improving training data
used 1n objection detection models. While the present dis-
closure 1s not necessarily limited to such applications, vari-
ous aspects of the disclosure can be appreciated through a
discussion of various examples using this context.

In the field of image recognition, deep learning (e.g.,
implementing neural networks) has been used for object
detection to identily the location and class of objects within
images. To create an object detection model, labeling of
objects within bounding boxes (e.g., rectangular bounding
boxes) 1n 1mages can be used as a training dataset. The
model can be generated by iteratively learning with the
labeled training data such that the prediction error decreases.
However, there can be various 1ssues that arise when training
an object detection model using training data. For example,
model accuracy can decrease when the labels include objects
other than the target object, when the label range 1s too wide,
when the label range 1s too narrow, and/or when objects are
mistakenly labeled. Accurate and uniform labeling can
increase the accuracy of object detection models. However,
it can be diflicult to control label quality variation when
labeling a large number of 1images. It takes a lot of time and
cllort to manually check labels (e.g., one by one by a human
reviewer).

Aspects of the present disclosure relate to enhancement of
training data used 1n 1mage recognition models. A trainming
dataset including a plurality of labeled images can be
received, each labeled image of the plurality of labeled
images including a label represented by a bounding box
having a designated class name. Characteristics of each label
can be obtained. Statistical information for each class name
of the plurality of labeled 1mages can be determined based
on the characteristics of each label associated with each
respective class name. An outhier test can be performed
based on the determined statistical information for a first
designated class name to receive at least one outlier label
having the first designated class name. The at least one
outlier label can be output as a modification candidate for
re-labeling.

There are various advantages to enhancing training data
of 1mage recognition models. By enhancing label quality
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(e.g., via re-labeling of labels within a training dataset),
models used for object detection may be more accurate.
Further, aspects of the present disclosure allow for more
accurate 1dentification of label outliers within training data.
Further still, aspects of the present disclosure preserve
computing resources (€.g., memory and processing power)
by ensuring only accurate labels describing classes are
considered when training image recognition models. For
example, one or more labels which were inaccurate and
previously considered by an image recognition model may
consume unnecessary computing resources.

Turning now to the figures, FIG. 1 1s a block diagram
illustrating an example computing environment 100 1n
which 1illustrative embodiments of the present disclosure can
be mmplemented. Computing environment 100 includes a
plurality of devices 105-1, 105-2 . . . 105-N (collectively
devices 105), at least one server 135, and a network 150.

The devices 105 and the server 135 include one or more
processors 115-1, 115-2 . . . 115-N (collectively processors
115) and 145 and one or more memories 120-1, 120-2 . . .
120-N (collectively memories 120) and 155, respectively.
The devices 105 and the server 135 can be configured to
communicate with each other through internal or external
network interfaces 110-1, 110-2 . . . 110-N (collectively
network interfaces 110) and 140. The network interfaces 110
and 140 are, 1n some embodiments, modems or network
interface cards. The devices 1035 and/or the server 135 can be
equipped with a display or momitor. Additionally, the devices
105 and/or the server 135 can include optional 1nput devices
(e.g., akeyboard, mouse, scanner, a biometric scanner, video
camera, or other input device), and/or any commercially
available or custom software (e.g., virtual reality software,
browser software, communications software, server soft-
ware, natural language processing software, search engine
and/or web crawling software, 1mage processing software,
etc.). The devices 105 and/or the server 135 can be servers,
desktops, laptops, or hand-held devices.

The devices 105 and the server 135 can be distant from
cach other and communicate over a network 150. In some
embodiments, the server 135 can be a central hub from
which devices 105 can establish a communication connec-
tion, such as 1in a client-server networking model. Alterna-
tively, the server 135 and devices 105 can be configured in
any other suitable networking relationship (e.g., 1n a peer-
to-peer (P2P) configuration or using any other network
topology).

In some embodiments, the network 150 can be imple-
mented using any number of any suitable communications
media. For example, the network 150 can be a wide area
network (WAN), a local area network (LAN), an internet, or
an intranet. In certain embodiments, the devices 105 and the
server 1335 can be local to each other and communicate via
any appropriate local communication medium. For example,
the devices 105 and the server 135 can communicate using,
a local area network (LAN), one or more hardwire connec-
tions, a wireless link or router, or an intranet. In some
embodiments, the devices 105 and the server 135 can be
communicatively coupled using a combination of one or
more networks and/or one or more local connections. For
example, the first device 105-1 can be hardwired to the
server 135 (e.g., connected with an Ethernet cable) while the
second device 105-2 can communicate with the server 135
using the network 150 (e.g., over the Internet).

In some embodiments, the network 150 1s implemented
within a cloud computing environment or using one or more
cloud computing services. Consistent with various embodi-
ments, a cloud computing environment can include a net-
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work-based, distributed data processing system that pro-
vides one or more cloud computing services. Further, a
cloud computing environment can mclude many computers
(e.g., hundreds or thousands of computers or more) disposed
within one or more data centers and configured to share
resources over the network 150. In some embodiments, the
network 150 may be substantially similar to, or the same as,
cloud computing environment 50 described 1n FIG. 9

The server 135 includes a tramning data management
application 160. The training data management application
160 can be configured to enhance training data quality (e.g.,
label quality) within 1image recognition models (e.g., con-
volutional neural networks). Further, the training data man-
agement application 160 can be configured to modily
parameters used to determine outliers within training data
and to modity numerical ranges used to make modification
proposals. This can be completed based on proposed label
modifications and received user feedback.

The training data management application 160 can be
configured to receive a dataset including labeled images. In
embodiments, the dataset can further include videos com-
prising a plurality of frames, where each frame contains one
or more labels. Upon receiving the dataset including labeled
images, the training data management application 160 can
be configured to determine characteristics of each label
corresponding to each class within each 1image. Determined
label characteristics include, among others, size of label
bounding boxes, aspect ratio (e.g., width to height ratio) of
label bounding boxes, and color histograms (e.g., red green
blue (RGB) pixel frequency graphs) of bounding boxes.

Upon determining characteristics of labels (e.g., of
bounding boxes designating the label imncluding a set of
pixels within the 1image), statistical information associated
with each class (e.g., label name) can be determined. Deter-
mining statistical information can include calculating aver-
ages, medians, ranges, outliers, and other statistical indica-
tors associated with each class based on the totality of label
characteristics associated with each respective class. For
example, for a first label class (e.g., dog), an average label
bounding box size, an average label bounding box aspect
ratio, and average bounding box RGB histograms can be
calculated. Tolerated heights/widths, aspect ratios, and RGB
histograms can be determined based on a particular thresh-
old (e.g., 1 standard deviation) from the average. In this

context, tolerated can refer to a range 1n which a particular
label characteristic 1s not considered an outlier. In embodi-
ments, tolerated label bounding box size, aspect ratio, and/or
RGB color histograms can be calculated using an outlier test
(e.g., Grubb’s test).

Thereafter, outliers within each label class can be deter-
mined. Outliers refer to calculated label characteristic data
points that significantly differ from other observations (e.g.,
than an average value, than an acceptable range, etc.).
Outliers can be determined based on label characteristics
(e.g., based on bounding box size, based on label bounding
box aspect ratio, and/or based on label bounding box RBG
histograms) and determined statistical information (e.g.,
averages, standard deviations, medians, ranges, etc.) using
outlier tests. Running each outlier test on the dataset of
images can output a set of outlier label bounding boxes
based on label bounding box size, aspects ratio, and/or RGB
histograms. An example outlier test for label bounding box
s1ze 1s depicted 1n FIG. 2. An example outlier test for label
bounding box aspect ratio 1s depicted 1n FIG. 3. An example
outlier test for label bounding box RBG histograms 1is

depicted 1n FIG. 4.
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Upon determining label bounding box outliers using one
or more of the above-referenced outlier tests, the outliers can
be output as modification candidates. Modification candi-
dates refer to label bounding boxes that are selected as
prospective bounding boxes to be modified/re-labeled (e.g.,
automatically or based on user feedback). In embodiments,
modification proposals can be automatically generated by
moditying characteristics of respective bounding boxes such
that they are within a threshold range (e.g., a standard
deviation) from an average (e.g., within a pixel size range or
within a pixel aspect ratio range from an average value). The
modification proposals can be transmitted to a user such that
the user can determine whether to accept or deny each
modification proposal.

In embodiments, if the user accepts the proposed modi-
fication, the range used for the modification proposal can be
modified such that 1t 1s closer to the average value (e.g., the
range can be changed from two standard deviations from an
average to one standard deviation from an average). This 1s
because if the user accepts the proposed modification, 1t can
indicate that the range used to make the proposed modifi-
cation 1s accurate and thus can be made narrower.

In embodiments, 11 the user does not accept the proposed
modification, and rather makes a customized change which
1s outside the range, then the range used to make the
proposed modification can be expanded (e.g., the range can
be changed from one standard deviation from an average to
two standard deviations from an average value). This 1s
because 11 the user rejects the proposed modification and
makes a customized change which 1s outside the range, then
the range for generating proposed modifications may not be
accurate and thus can be expanded.

In embodiments, 11 the user does not accept the proposed
modification and does not make any changes, then param-
eters used for outlier detection (e.g., the factors used within
cach outlier test) can be updated. This 1s because if the user
simply accepts the original bounding box output by the
image recognition model, then i1t should not be considered an
outlier.

In embodiments, 1 the user rejects (e.g., deletes) a given
label bounding box rather than accepting a proposed modi-
fication, then no changes may be made to the range from the
average used to make proposed modification nor to the
parameters used for outlier detection.

It 1s noted that FIG. 1 1s intended to depict the represen-
tative major components of an example computing environ-
ment 100. In some embodiments, however, individual com-
ponents can have greater or lesser complexity than as
represented 1n FIG. 1, components other than or 1n addition
to those shown 1n FIG. 1 can be present, and the number,
type, and configuration of such components can vary.

While FIG. 1 illustrates a computing environment 100
with a single server 135, suitable computing environments
for implementing embodiments of this disclosure can
include any number of servers. The various models, mod-
ules, systems, and components illustrated 1n FIG. 1 can
exist, 1f at all, across a plurality of servers and devices. For
example, some embodiments can include two servers. The
two servers can be communicatively coupled using any
suitable communications connection (e.g., using a WAN, a
LAN, a wired connection, an intranet, or the Internet).

Referring now to FIG. 2, shown 1s a diagram depicting an
example outlier test based on label bounding box size, 1n
accordance with embodiments of the present disclosure. As
shown 1n FIG. 2, three images within a dataset are shown
and plotted on a scatter plot 200 mapping pixel width versus
pixel height of various 1images. A first image 205 includes a
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first label bounding box 240 having a first label bounding
box si1ze 220 (e.g., depicted as a datapoint within scatter plot
200). A second 1mage 210 includes a second label bounding

box 245 having a second label bounding box size 225. A
third 1image 215 includes a third label bounding box 250

having a third label bounding box size 230. The example
images can be labeled using any suitable object detection
algorithm (e.g., region based convolutional neural networks,
single shot multibox detector (SSD), you only look once
(YOLO), retina-net, deformable convolutional networks). In
some embodiments, the example 1images can be labeled
manually (e.g., by a human reviewer). The images i FIG. 2
can be automatically identified as the class “dog” using the
object detection algorithm. As depicted in FIG. 2, the object
detection algorithm mistakenly only captured the dog’s head
within the first label bounding box 240.

As depicted 1n FIG. 2, a tolerated height/width range 235

1s depicted as a dashed circle. The tolerated height/width
range 235 can be determined using any suitable method. For
example, the tolerated height/width range 235 can be deter-
mined using z-score, probabilistic and statistical modeling,
linear regression models, proximity based models, and other
methods. In embodiments, Grubb’s test can be used to
determine the tolerated height/width range 235.

In the example depicted 1n FIG. 2, a varniety of data points,
including the second label bounding box size 2235 and the
third label bounding box size 230, are included within the
tolerated height/width range 235. As an example, the secon
label bounding box size 225 may have pixel width of 500

and a pixel height of 600 (e.g., 500, 600) and the third label

bounding box size 230 may have a pixel width of 600 and
a height of 500 (e.g., 600, 500). The tolerated height/width
range 235 may be from 400-800 pixels wide and from
400-700 pixels high with an elliptical shape.

The first label bounding box size 220 may have a pixel
width of 200 and a pixel height of 150 (e.g., 200, 150), and
thus may outside of the tolerated height/width range 23S5.
Thus, using this example outlier test, the first label bounding
box size 220 may be determined to be an outlier and thus
may be selected as a modification candidate. The modifica-
tion candidate can then have its label bounding box size
altered (e.g., automatically or manually) to capture the tull
object based on a proposed modification and received user
teedback.

Referring now to FIG. 3, shown 1s a diagram depicting an
example outlier test based on label bounding box aspect
ratio, i accordance with embodiments of the present dis-
closure. As shown in FIG. 3, three images within a dataset
are shown and plotted on a scatter plot 300 mapping pixel
width versus pixel height of various 1mages. A first image
305 includes a first label bounding box 340 having a first
label bounding box size 320 (e.g., depicted as a datapoint
within scatter plot 300). A second 1mage 310 includes a
second label bounding box 345 having a second label
bounding box size 325. A third image 215 includes a thard
label bounding box 350 having a third label bounding box
size 330. The example 1images can be labeled using any
suitable object detection algorithm (e.g., region based con-
volutional neural networks, single shot multibox detector
(SSD), you only look once (YOLO), retina-net, deformable
convolutional networks). In some embodiments, the
example 1mages can be labeled manually (e.g., by a human
reviewer). The images 1n FIG. 3 can be automatically
identified as the class “dog” using the object detection
algorithm. As depicted in FIG. 3, the object detection
algorithm mistakenly captured a human as the class “dog.”
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As depicted 1n FIG. 3, a tolerated aspect ratio range 335
1s depicted as an area encompassed between two dashed
lines. The tolerated aspect ratio range 335 can be determined
using any suitable method. For example, the aspect ratio
range 335 can be determined using z-score, probabilistic and
statistical modeling, linear regression models, proximity
based models, and other methods. In embodiments, Grubb’s
test can be used to determine the tolerated aspect ratio range

335.

In the example depicted 1n FIG. 3, a variety of data points,
including the second label bounding box size 325 and the
third label bounding box size 330, are included within the
tolerated aspect ratio range 335. As an example, the second
label bounding box size 325 may have pixel width of 500
and a pixel height of 600 (e.g., 500, 600) and the third label
bounding box size 330 may have a pixel width of 500 and
a height of 500 (e.g., 500, 500). The tolerated aspect ratio

range 335 may only allow label bounding box sizes of a
particular aspect ratio (e.g., 4:3, 16:9, 3:2, etc.) or may only
allow a particular pixel variation between the height and
width (e.g., 200 pixels) of the label bounding box size.

The first label bounding box size 320 may have a pixel
width of 200 and a pixel height of 700 (e.g., 200, 700), and
thus may be outside of the tolerated aspect ratio range 335.
Thus, using this example outlier test, the first label bounding
box size 320 may be determined to be an outlier and thus
may be selected as a modification candidate. The modifica-
tion candidate can then have its label bounding box size
altered (e.g., automatically or manually) to capture the
correct object based on a proposed modification and
received user feedback.

Referring now to FIG. 4, shown 1s a diagram 400 depict-
ing an example outlier test based on red green blue (RGB)
histograms, 1n accordance with embodiments of the present
disclosure. A set of 1mages 405 may have an average red
histogram distribution 415, an average green histogram
distribution 420, and an average blue histogram distribution
425 for pixels within captured label bounding boxes across
the set of 1mages 405. Each respective histogram represents

pixels of each corresponding color channel having a lumi-
nance range of 0-2535). Thus, the horizontal axis in each
color histogram ranges from 0-255 while the vertical axis 1n
cach color histogram represents frequency.

An 1mage 410 has a red histogram distribution 430, a
green histogram distribution 435, and a blue histogram
distribution 440 calculated based on pixels within label
bounding box 445. The histograms of the image 410 shown
on the right can be compared to the average histograms
shown on the left to determine whether the label bounding
box 445 within the image 410 1s an outlier. Determining,
whether the label bounding box 445 1s an outhier can be
determined using any suitable outlier methods depicted
above. For example, if the red histogram distribution 430
significantly differs (e.g., more than one standard deviation)
from the average red histogram distribution 415, then a
determination can be made that the label bounding box 445
1s an outlier.

It 1s noted that any suitable threshold can be set for
determining whether the label bounding box 4435 1s an
outlier. In embodiments, if any of the red histogram distri-
bution, green histogram distribution, or blue histogram
distribution of a label bounding box differs from their
respective average histograms for a given class from a
threshold amount, a determination can be made that the label
bounding box having a histogram distribution which

the frequency of each color channel (e.g., the frequency of
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exceeds a threshold difference between an average histo-
gram distribution 1s an outlier.

Using this example outlier test, the label bounding box
445 may be determined to be an outlier (e.g., based on the
red histogram distribution 430 significantly differing from
the average red histogram distribution 4135) and thus may be
selected as a modification candidate. The modification can-
didate can then have its label bounding box altered to better
capture the object based on a proposed modification and
received user feedback.

Referring now to FIG. 5, shown 1s a flow-diagram 1llus-
trating an example method 500 for enhancing 1mage recog-
nition training data, 1n accordance with embodiments of the
present disclosure. One or more operations of method 500
can be completed by one or more computing devices (e.g.,
devices 105 and/or server 135).

Method 500 initiates at operation 505, where a dataset
including labeled images 1s received. The images can be
labeled with bounding boxes designating particular class
names. Any suitable 1mage recognition (e.g., object detec-
tion) algorithm can be implemented to obtain labels, 1nclud-
ing, but not limited to region based convolutional neural
networks (R-CNNs), single shot multibox detector (SSD),
you only look once (YOLO), retina-net, and deformable
convolutional networks. In some embodiments, the images
can be labeled manually (e.g., by a human reviewer).
Further, any suitable number of labeled images can be
labeled with any suitable number of labels (e.g., one 1mage
can have multiple label bounding boxes designating respec-
tive classes).

Method 500 then proceeds to operation 510, where char-
acteristics of each label are determined. The characteristics
can include, among other characteristics, label bounding box
s1ze (e.g., pixel height and width of bounding boxes), label
bounding box aspect ratio (e.g., ratio of width pixels to
height pixels of the bounding box), and RGB histograms for
cach label bounding box. Data associated with each class
across the 1mages can be organized or structured together
(e.g., 1n a table).

Statistical information 1s then determined, for each class,
based on the label characteristics. This 1s illustrated at
operation 513. Statistical information can include statistical
indicators (e.g., means, medians, ranges, distributions, stan-
dard deviations, and other statistical indicators) calculated
across a dataset of labels for each class based on the label
characteristics determined at operation 510. For example,
for a first class, “dog,” statistical indicators can include
average label bounding box size, average label bounding
box aspect ratio, and average RGB histograms across a
plurality of “dog™ labels. Further statistical indicators can
include tolerated ranges for bounding box size, aspect ratio,
and RGB histograms. For example, standard deviations can
be computed for each label class based on bounding box
s1ze, aspect ratio, and RGB histograms, and the standard
deviations can be set as the tolerated range (e.g., 1 standard
deviation from a mean label bounding box size can be set as
a tolerated range). However, any suitable threshold (e.g.,
from a mean value) can be set for the tolerated range.
Statistical information can include any patterns and/or val-
ues gleaned by analyzing two or more labels of a given class.

An outlier test 1s then performed based on label size. This
1s 1llustrated at operation 520. The outlier test performed on
label size can be completed 1n the same, or a substantially
similar manner, as described with respect to FIG. 2. For
example, a tolerated label size range can be computed (e.g.,
tolerated height/width range 235) and any label bounding
boxes falling outside of the tolerated label size range can be
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defined as outliers. It 1s noted that any suitable method for
determining outliers based on pixel size can be completed
without departing from the spirit and scope of the present
disclosure.

An outlier test 1s then performed based on label aspect
ratio. This 1s illustrated at operation 3525. The outlier test
performed on label aspect ratio can be completed in the
same, or a substantially similar manner, as described with
respect to FIG. 3. For example, a tolerated label aspect ratio
range can be computed (e.g., tolerated aspect ratio range
335) and any label bounding boxes falling outside of the
tolerated label size range can be defined as outliers. It 1s
noted that any suitable method for determining outliers
based on pixel aspect ratio can be completed without depart-
ing from the spirit and scope of the present disclosure.

An outlier test 1s then performed based on label RGB
histograms. This 1s 1llustrated at operation 530. The outlier
test performed on label RGB histograms can be completed
in the same, or a substantially similar manner, as described
with respect to FIG. 4. For example, average red, green, and
blue histogram distributions can be calculated for a given
class and any label bounding boxes of the class having red,
green, and/or blue histogram distributions exceeding a
threshold difference from the average red, green, and/or blue
histogram distributions can be defined as an outlier. It 1s
noted that any suitable method for determining outliers
based on RGB histograms can be completed without depart-
ing from the spirit and scope of the present disclosure.

A determination 1s then made whether any outliers are
detected. This 1s 1llustrated at operation 535. For example,
by running one or more of the above outlier tests based on
label size, label aspect ratio, and/or label RGB histogram
distributions, a determination can be made whether there are
any outliers output by the outlier test(s). If there are outliers,
then the outliers can be output as modification candidates.
This 1s 1llustrated at operation 540. Modification candidates
refer to label bounding boxes that may be prospectively
designated for modification (e.g., by changing the bounding
box size, aspect ratio, or location within an image). For
example, a modification candidate can be re-labeled by
applying a different bounding box to the same class within
the 1image. In embodiments, the method 500 continues by
proceeding to operation 705 of method 700.

The aforementioned operations can be completed 1n any
order and are not limited to those described. Additionally,
some, all, or none of the aforementioned operations can be
completed, while still remaiming within the spirit and scope
of the present disclosure. For example, 1n embodiments,
only one of the outlier tests of operations 520-530 may be
completed.

Referring now to FIG. 6, shown 1s a flow-diagram illus-
trating an example method 600 for enhancing image recog-
nition training data where the training data includes a video,
in accordance with embodiments of the present disclosure.
One or more operations of method 600 can be completed by
one or more computing devices (e.g., devices 105 and/or
server 135).

Method 600 1nitiates at operation 605, where a video 1s
received within training data. The video can be of any
suitable format (e.g., gif, FLV, WebM, etc.) and can com-
prise a plurality of frames (e.g., individual images). The
frames are extracted from the video and time stamps are
applied to the frames. This 1s illustrated at operation 610.

Each of the frames are then labeled and characteristics of
cach label are determined. This 1s illustrated at operation
615. Any suitable image recognition (e.g., object detection)
algorithm can be implemented to determine labels of frames
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within videos, including, but not limited to region based
convolutional neural networks (R-CNNs), single shot mul-
tibox detector (SSD), you only look once (YOLQO), retina-
net, and deformable convolutional networks. In some
embodiments, the frames can be labeled manually (e.g., by
a human reviewer). Further, any suitable number of frames
within the video can be labeled with any suitable number of
labels (e.g., one 1mage can have multiple label bounding
boxes designating respective classes).

Statistical information 1s then determined based on the
label characteristics. This 1s illustrated at operation 620.
Determining statistical information for each class of labels
can be completed 1n the same, or a substantially similar
manner, as operation 515 of FIG. 5. For example, statistical
indicators such as means, medians, ranges, distributions, and
standard deviations can be calculated across a dataset of
labels for each class based on the determined label charac-
teristics.

Outlier tests are then performed for each class of labels.
This 1s 1llustrated at operation 625. The outlier tests can be
the same as, or substantially similar to, the outlier tests
described with respect to FIGS. 2-4 and with respect to
operations 520-530 of method 500. The parameters for
outlier detection (e.g., average values and tolerated ranges)
can vary without departing from the spirit and scope of the
present disclosure.

A determination 1s then made whether any outliers are
detected. This 1s illustrated at operation 630. For example,
by running one or more of the above outlier tests based on
label size, label aspect ratio, and/or label RGB histogram
distributions, a determination can be made whether there are
any outliers output by the outlier test(s). I there are outliers,
then the outliers can be output as modification candidates.
This 1s 1llustrated at operation 635. Modification candidates
refer to label bounding boxes that may be prospectively
designated for modification (e.g., by changing the bounding
box size, aspect ratio, or location within an image). For
example, a modification candidate can be re-labeled by
applying a different bounding box to the same class within
the 1mage. In embodiments, the method 600 continues by
proceeding to operation 705 of method 700.

In embodiments, at operation 630, a determination can be
made whether an outlier exists within temporally continuous
labels. Temporally continuous labels are those of which are
within a threshold time period (e.g., within a threshold time
stamp range) of each other within the video. For example, a
threshold can be set such that any labels occurring within the
same 10 seconds, 1 minute, 30 minutes, etc. are defined as
“temporally continuous.” Thus, 1n embodiments, statistical
information, at operation 620, can be calculated within each
set of temporally continuous labels for outlier detection.

As an example, 11 a temporally continuous set of 20
frames of a video contains a frame which includes a label
s1ze which significantly differs (e.g., beyond two standard
deviations) from the average label size within the 20 frames
of the video, a determination can be made that the label
associated with the label size 1s an outlier within the tem-
porally continuous set of labels. This can be completed
based on label bounding box size, aspect ratio, and/or RGB
histograms for any suitable temporal interval.

The atorementioned operations can be completed 1n any
order and are not limited to those described. Additionally,
some, all, or none of the alorementioned operations can be
completed, while still remaining within the spirit and scope
of the present disclosure.

Referring now to FIG. 7, shown 1s a flow-diagram 1llus-
trating an example method 700 for processing proposed
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modification candidates, 1n accordance with embodiments of
the present disclosure. One or more operations of method
700 can be completed by one or more computing devices
(e.g., devices 105 and/or server 135).

Method 700 1initiates at operation 705, where modification
candidate(s) are received. The modification candidates can
be received from operations 340 and/or 635 of methods 500
and 600 respectively.

Modification proposals are then determined for each
modification candidate. This 1s illustrated at operation 710.
Determining the modification proposal can include altering
the label bounding box characteristics based on a range
encompassing an average bounding box characteristic value
(c.g., based on a tolerated range). For example, referring to
the outlier depicted 1n FIG. 2, the first label bounding box
s1ze 220 can be altered such that 1t falls within the tolerated
height/width range 235 (e.g., the height and width of the
bounding box can be increased). As another example, refer-
ring to FIG. 3, the first label bounding box size 320 can be
altered such that 1t falls within the tolerated aspect ratio
range 335 (e.g., the height of the pixel can be decreased).
However, modification proposals can be completed 1n any
suitable manner (e.g., bounding box characteristics can be
shifted to an average characteristic value).

The modification proposal(s) determined at operation 710
are then presented to a user. This 1s 1llustrated at operation
715. A determination 1s then made whether the user accepts
the proposed modification. This 1s illustrated at operation
720. It the user accepts the proposed modification, then a
range used to make the proposed modification 1s decreased.
This 1s 1llustrated at operation 725. This can be completed as
if the user accepts the proposed modification, then the range
used to make the proposed modification 1s accurate and thus
can be narrowed (e.g., the range can be honed in for
accuracy).

It the user does not accept the proposed modification at
operation 720, a determination 1s made whether the user
issued a customized modification. This 1s illustrated at
operation 730. For example, the user may not accept the
proposed modification but instead edit the modification 1n a
customized manner (e.g., outside of the range used to make
the proposed modification). If the user makes a customized
modification (e.g., outside of the range used to make the
proposed modification), then the range used to make the
proposed modification can be expanded. This 1s illustrated at
operation 735. This can be completed as 1f the user enters a
customized modification which 1s outside of the range used
to make the proposed modification, then the range used to
make the proposed modification may be inaccurate and may
need to be expanded.

If the user does not make any modifications to the label,
then the parameters used for outlier detection are updated.
This 1s 1llustrated at operation 740. For example, because the
user did not accept any changes to the label which was
assumed to be an outlier requiring re-labeling, this means the
label should not have been considered an outlier. Thus, the
parameters for outlier detection can be altered (e.g., such
that label which the user did not modify 1s not detected as an
outlier anymore).

The atorementioned operations can be completed in any
order and are not limited to those described. Additionally,
some, all, or none of the alorementioned operations can be
completed, while still remaiming within the spirit and scope
of the present disclosure.

Referring now to FIG. 8, shown 1s a high-level block
diagram of an example computer system 801 that may
possibly be utilized in various devices discussed herein (e.g.,
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devices 105 and server 135) and that may be used 1n
implementing one or more of the methods, tools, and
modules, and any related functions, described herein (e.g.,
using one Or more Pprocessor circuits or computer processors
of the computer), 1n accordance with embodiments of the
present disclosure. In some embodiments, the major com-
ponents ol the computer system 801 may comprise one or
more CPUs 802 (also referred to as processors herein), a
memory 804, a terminal interface 812, a storage interface
814, an /O (Input/Output) device interface 816, and a
network interface 818, all of which may be communica-
tively coupled, directly or indirectly, for inter-component
communication via a memory bus 803, an I/O bus 808, and
an I/O bus interface unit 810.

The computer system 801 may contain one or more
general-purpose programmable central processing units
(CPUs) 802A, 8028, 802C, and 802D, herein generically
referred to as the CPU 802. In some embodiments, the
computer system 801 may contain multiple processors typi-
cal of a relatively large system; however, 1n other embodi-
ments the computer system 801 may alternatively be a single
CPU system. Each CPU 802 may execute instructions stored
in the memory subsystem 804 and may include one or more
levels of on-board cache.

Memory 804 may include computer system readable
media in the form of volatile memory, such as random-
access memory (RAM) 822 or cache memory 824. Com-
puter system 801 may further include other removable/non-
removable, volatile/non-volatile computer system storage
media. By way of example only, storage system 826 can be
provided for reading from and writing to a non-removable,
non-volatile magnetic media, such as a “hard-drnive.”
Although not shown, a magnetic disk drive for reading from
and writing to a removable, non-volatile magnetic disk (e.g.,
a “floppy disk™), or an optical disk drive for reading from or
writing to a removable, non-volatile optical disc such as a
CD-ROM, DVD-ROM or other optical media can be pro-
vided. In addition, memory 804 can include tlash memory,
¢.g., a tlash memory stick drive or a flash drive. Memory
devices can be connected to memory bus 803 by one or more
data media interfaces. The memory 804 may include at least
one program product having a set (e.g., at least one) of
program modules that are configured to carry out the func-
tions of various embodiments.

One or more programs/utilities 828, each having at least
one set of program modules 830 may be stored 1n memory
804. The programs/utilities 828 may include a hypervisor
(also referred to as a virtual machine monitor), one or more
operating systems, one or more application programs, other
program modules, and program data. Each of the operating
systems, one or more application programs, other program
modules, and program data or some combination thereof,
may include an implementation of a networking environ-
ment. Programs 828 and/or program modules 830 generally
perform the functions or methodologies of various embodi-
ments.

Although the memory bus 803 1s shown in FIG. 8 as a
single bus structure providing a direct communication path
among the CPUs 802, the memory 804, and the I/O bus
interface 810, the memory bus 803 may, in some embodi-
ments, mclude multiple different buses or commumnication
paths, which may be arranged 1n any of various forms, such
as point-to-point links in hierarchical, star or web configu-
rations, multiple hierarchical buses, parallel and redundant
paths, or any other approprniate type ol configuration. Fur-
thermore, while the I/O bus interface 810 and the I/O bus

808 are shown as single respective units, the computer
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system 801 may, 1n some embodiments, contain multiple I/O
bus interface units 810, multiple I/O buses 808, or both.
Further, while multiple I/O interface units are shown, which
separate the I/0 bus 808 from various communications paths
running to the various 1/0O devices, 1n other embodiments
some or all of the I/O devices may be connected directly to
one or more system 1/O buses.

In some embodiments, the computer system 801 may be
a multi-user mainframe computer system, a single-user
system, or a server computer or similar device that has little
or no direct user 1nterface, but receives requests from other
computer systems (clients). Further, 1n some embodiments,
the computer system 801 may be implemented as a desktop
computer, portable computer, laptop or notebook computer,
tablet computer, pocket computer, telephone, smart phone,
network switches or routers, or any other appropriate type of
clectronic device.

It 1s noted that FIG. 8 1s intended to depict the represen-
tative major components ol an exemplary computer system
801. In some embodiments, however, individual compo-
nents may have greater or lesser complexity than as repre-
sented 1 FIG. 8, components other than or 1n addition to
those shown 1n FIG. 8 may be present, and the number, type,
and configuration of such components may vary.

It 1s to be understood that although this disclosure
includes a detailed description on cloud computing, imple-
mentation of the teachings recited herein are not limited to
a cloud computing environment. Rather, embodiments of the
present disclosure are capable of being implemented in
conjunction with any other type of computing environment
now known or later developed.

Cloud computing 1s a model of service delivery for
enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks,
network bandwidth, servers, processing, memory, storage,
applications, virtual machines, and services) that can be
rapidly provisioned and released with minimal management
ellort or interaction with a provider of the service. This cloud
model may include at least five characteristics, at least three
service models, and at least four deployment models.
Characteristics are as Follows:

On-demand seli-service: a cloud consumer can unilater-
ally provision computing capabilities, such as server time
and network storage, as needed automatically without
requiring human interaction with the service’s provider.

Broad network access: capabilities are available over a
network and accessed through standard mechanisms that
promote use by heterogeneous thin or thick client platforms
(e.g., mobile phones, laptops, and PDAs).

Resource pooling: the provider’s computing resources are
pooled to serve multiple consumers using a multi-tenant
model, with different physical and virtual resources dynami-
cally assigned and reassigned according to demand. There 1s
a sense of location independence in that the consumer
generally has no control or knowledge over the exact
location of the provided resources but may be able to specity
location at a higher level of abstraction (e.g., country, state,
or datacenter).

Rapid elasticity: capabilities can be rapidly and elastically
provisioned, in some cases automatically, to quickly scale
out and rapidly released to quickly scale in. To the consumer,
the capabilities available for provisioning oiten appear to be
unlimited and can be purchased 1n any quantity at any time.

Measured service: cloud systems automatically control
and optimize resource use by leveraging a metering capa-
bility at some level of abstraction appropriate to the type of
service (e.g., storage, processing, bandwidth, and active user
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accounts). Resource usage can be monitored, controlled, and
reported, providing transparency for both the provider and
consumer of the utilized service.

Service Models are as Follows:

Software as a Service (SaaS): the capability provided to
the consumer 1s to use the provider’s applications runming on
a cloud infrastructure. The applications are accessible from
various client devices through a thin client interface such as
a web browser (e.g., web-based e-mail). The consumer does
not manage or control the underlying cloud infrastructure
including network, servers, operating systems, storage, or
even 1mdividual application capabilities, with the possible
exception of limited user-specific application configuration
settings.

Platform as a Service (PaaS): the capability provided to
the consumer 1s to deploy onto the cloud infrastructure
consumer-created or acquired applications created using
programming languages and tools supported by the provider.
The consumer does not manage or control the underlying
cloud infrastructure including networks, servers, operating
systems, or storage, but has control over the deployed
applications and possibly application hosting environment
configurations.

Infrastructure as a Service (laaS): the capability provided
to the consumer 1s to provision processing, storage, net-
works, and other fundamental computing resources where
the consumer 1s able to deploy and run arbitrary software,
which can include operating systems and applications. The
consumer does not manage or control the underlying cloud
inirastructure but has control over operating systems, stor-
age, deployed applications, and possibly limited control of
select networking components (e.g., host firewalls).
Deployment Models are as Follows:

Private cloud: the cloud infrastructure 1s operated solely
for an organization. It may be managed by the organization
or a third party and may exist on-premises or ofl-premises.

Community cloud: the cloud infrastructure 1s shared by
several organizations and supports a specific community that
has shared concerns (e.g., mission, security requirements,
policy, and compliance considerations). It may be managed
by the organizations or a third party and may exist on-
premises or oil-premises.

Public cloud: the cloud infrastructure 1s made available to
the general public or a large industry group and 1s owned by
an organization selling cloud services.

Hybrd cloud: the cloud infrastructure 1s a composition of
two or more clouds (private, community, or public) that
remain unique entities but are bound together by standard-
1zed or proprietary technology that enables data and appli-
cation portability (e.g., cloud bursting for load-balancing
between clouds).

A cloud computing environment 1s service oriented with
a focus on statelessness, low coupling, modularity, and
semantic interoperability. At the heart of cloud computing 1s
an infrastructure that includes a network of interconnected
nodes.

Retferring now to FIG. 9, illustrative cloud computing
environment 50 1s depicted. As shown, cloud computing
environment 50 includes one or more cloud computing
nodes 10 with which local computing devices used by cloud
consumers, such as, for example, personal digital assistant
(PDA) or cellular telephone 54A (e.g., devices 105), desktop
computer 34B, laptop computer 54C, and/or automobile
computer system 54N may communicate. Nodes 10 may
communicate with one another. They may be grouped (not
shown) physically or virtually, in one or more networks,
such as Private, Community, Public, or Hybrid clouds as
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described hereinabove, or a combination thereof. This
allows cloud computing environment 50 to ofler infrastruc-
ture, platforms and/or software as services for which a cloud
consumer does not need to maintain resources on a local
computing device. It 1s understood that the types of com-
puting devices 54A-N shown 1n FIG. 9 are intended to be
illustrative only and that computing nodes 10 and cloud
computing environment 30 can commumnicate with any type
of computerized device over any type of network and/or
network addressable connection (e.g., using a web browser).

Referring now to FIG. 10, a set of functional abstraction
layers provided by cloud computing environment 50 (FIG.
9) 1s shown. It should be understood 1n advance that the
components, layers, and functions shown in FIG. 10 are
intended to be illustrative only and embodiments of the
disclosure are not limited thereto. As depicted, the following
layers and corresponding functions are provided:

Hardware and software layer 60 includes hardware and
soltware components. Examples of hardware components
include: mainirames 61; RISC (Reduced Instruction Set
Computer) architecture based servers 62; servers 63; blade
servers 64; storage devices 65; and networks and networking
components 66. In some embodiments, software compo-
nents include network application server software 67 and
database software 68.

Virtualization layer 70 provides an abstraction layer from
which the following examples of virtual entities may be
provided: virtual servers 71; virtual storage 72; virtual
networks 73, including virtual private networks; virtual
applications and operating systems 74; and virtual clients
75.

In one example, management layer 80 may provide the
functions described below. Resource provisioning 81 pro-
vides dynamic procurement of computing resources and
other resources that are utilized to perform tasks within the
cloud computing environment. Metering and Pricing 82
provide cost tracking as resources are utilized within the
cloud computing environment, and billing or invoicing for
consumption of these resources. In one example, these
resources may include application software licenses. Secu-
rity provides i1dentity verification for cloud consumers and
tasks, as well as protection for data and other resources. User
portal 83 provides access to the cloud computing environ-
ment for consumers and system administrators. Service level
management 84 provides cloud computing resource alloca-
tion and management such that required service levels are
met. Service Level Agreement (SLA) planning and fulfill-
ment 85 provide pre-arrangement for, and procurement of,
cloud computing resources for which a future requirement 1s
anticipated 1n accordance with an SLA.

Workloads layer 90 provides examples of functionality
tor which the cloud computing environment may be utilized.
Examples of workloads and functions which may be pro-
vided from this layer include: mapping and navigation 91;
soltware development and lifecycle management 92; virtual
classroom education delivery 93; data analytics processing
94; transaction processing 95; and training data quality
enhancement 96.

As discussed 1n more detail herein, it 1s contemplated that
some or all of the operations of some of the embodiments of
methods described herein can be performed 1n alternative
orders or may not be performed at all; furthermore, multiple
operations can occur at the same time or as an iternal part
of a larger process.

The present disclosure can be a system, a method, and/or
a computer program product. The computer program prod-
uct can include a computer readable storage medium (or
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media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present disclosure.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium can be, for example, but is not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program 1nstructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network can com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers, and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present disclosure can be assembler
istructions, instruction-set-architecture (ISA) instructions,
machine 1nstructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions can execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer can be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection can be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) can execute the computer
readable program 1nstructions by utilizing state information
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of the computer readable program instructions to personalize
the electronic circuitry, 1n order to perform aspects of the
present disclosure.

Aspects of the present disclosure are described herein
with reference to flowchart i1llustrations and/or block dia-
grams ol methods, apparatus (systems), and computer pro-
gram products according to embodiments of the disclosure.
It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks 1n the flowchart 1llustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions.

These computer readable program instructions can be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
istructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the tlowchart and/or block diagram block or blocks. These
computer readable program instructions can also be stored 1n
a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified 1 the tlowchart and/or block diagram block or
blocks.

The computer readable program instructions can also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the istructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the flow-
chart and/or block diagram block or blocks.

The tflowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present disclosure. In this regard, each block 1n the flowchart
or block diagrams can represent a module, segment, or
portion ol instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted 1n the block can occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, 1n fact, be accomplished as one step, executed concur-
rently, substantially concurrently, in a partially or wholly
temporally overlapping manner, or the blocks may some-
times be executed in the reverse order, depending upon the
functionality involved. It will also be noted that each block
of the block diagrams and/or flowchart illustration, and
combinations of blocks in the block diagrams and/or flow-
chart illustration, can be implemented by special purpose
hardware-based systems that perform the specified functions
or acts or carry out combinations ol special purpose hard-
ware and computer instructions.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the various embodiments. As used herein, the
singular forms “a,” “an,” and “the” are itended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“includes™ and/or “including,” when used 1n this specifica-
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tion, specily the presence of the stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereol. In the previous detailed description of
example embodiments of the various embodiments, refer-
ence was made to the accompanying drawings (where like
numbers represent like elements), which form a part hereof,
and 1n which 1s shown by way of illustration specific
example embodiments 1n which the various embodiments
can be practiced. These embodiments were described 1n
suflicient detail to enable those skilled in the art to practice
the embodiments, but other embodiments can be used, and
logical, mechanical, electrical, and other changes can be
made without departing from the scope of the various
embodiments. In the previous description, numerous spe-
cific details were set forth to provide a thorough understand-
ing the various embodiments. But the various embodiments
can be practiced without these specific details. In other

instances, well-known circuits, structures, and techniques
have not been shown i detail in order not to obscure
embodiments.
Different instances of the word “embodiment” as used
within this specification do not necessarily refer to the same
embodiment, but they can. Any data and data structures
illustrated or described herein are examples only, and 1n
other embodiments, different amounts of data, types of data,
fields, numbers and types of fields, field names, numbers and
types of rows, records, entries, or organizations of data can
be used. In addition, any data can be combined with logic,
so that a separate data structure may not be necessary. The
previous detailed description 1s, therefore, not to be taken in
a limiting sense.
The descriptions of the various embodiments of the
present disclosure have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.
Although the present disclosure has been described 1n
terms of specific embodiments, it 1s anticipated that altera-
tions and modification thereof will become apparent to the
skilled 1n the art. Therefore, 1t 1s intended that the following
claims be interpreted as covering all such alterations and
modifications as fall within the true spirit and scope of the
disclosure.
What 1s claimed 1s:
1. A method comprising:
receiving a training dataset including a plurality of labeled
images, respective ones ol labeled images of the plu-
rality of labeled 1mages including a label represented
by a bounding box having a designated class name;

obtaining characteristics of respective ones of the labels;

determining statistical information for respective ones of
the class names of the plurality of labeled 1images based
on the characteristics of each label associated with each
respective class name;

performing an outlier test based on the determined sta-

tistical information for a first designated class name to
receive at least one outlier label having the first desig-
nated class name;
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receiving a modification of the at least one outlier label to
obtain at least one modified label, wherein the modi-
fication alters the at least one outlier label to be within
a range encompassing an average value of a label
characteristic; and

training an object detection model using the at least one

modified label.

2. The method of claim 1, wherein obtaining character-
istics of each label includes determining a size of each label,
determining an aspect ratio of each label, and determining
red green blue (RGB) histograms of each label.

3. The method of claim 2, wherein determining statistical
information includes determining a tolerated label size
range, determining a tolerated label aspect ratio range, and
determining a tolerated RGB histogram range, wherein the
outlier test 1s completed by comparing the outlier label to
cach of the tolerated label size range, the tolerated label
aspect ratio range, and the tolerated RGB histogram range.

4. The method of claim 1, further comprising, prior to
receiving the modification of the at least one outlier label:

presenting the modification of the at least one outlier label

as a proposed label modification to a user.

5. The method of claim 4, turther comprising;:

receiving acceptance of the proposed label modification

from the user; and

narrowing the range encompassing the average value used

to alter the at least one outlier label.
6. A system comprising;:
one or more processors; and
one or more computer-readable storage media collectively
storing program instructions which, when executed by
the one or more processors, are configured to cause the
one or more processors to perform a method compris-
ng:
receiving a training dataset including a plurality of labeled
images, respective ones of labeled images of the plu-
rality of labeled 1mages including a label represented
by a bounding box having a designated class name;

obtaining characteristics of respective ones of the labels;

determining statistical information for respective ones of
the class names of the plurality of labeled 1mages based
on the characteristics of each label associated with each
respective class name;

performing an outlier test based on the determined sta-

tistical information for a first designated class name to
receive at least one outlier label having the first desig-
nated class name;

receiving a modification of the at least one outlier label to

obtain at least one modified label, wherein the modi-
fication alters the at least one outlier label to be within
a range encompassing an average value of a label
characteristic; and

training an object detection model using the at least one

modified label.

7. The system of claim 6, wherein obtaining characteris-
tics of each label 1includes determining a size of each label,
determining an aspect ratio of each label, and determining
red green blue (RGB) histograms of each label.

8. The system of claim 7, wherein determining statistical
information 1includes determining a tolerated label size
range, determining a tolerated label aspect ratio range, and
determining a tolerated RGB histogram range, wherein the
outlier test 1s completed by comparing the outlier label to
cach of the tolerated label size range, the tolerated label
aspect ratio range, and the tolerated RGB histogram range.
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9. The system of claim 6, wherein the method performed
by the one or more processors further comprises, prior to
receiving the modification of the at least one outlier label:

presenting the modification of the at least one outlier label

as a proposed label modification to a user.

10. The system of claim 9, wherein the method performed
by the one or more processors further comprises:

receiving acceptance of the proposed label modification

from the user; and

narrowing the range encompassing the average value used

to alter the at least one outlier label.
11. A computer program product comprising one or more
computer readable storage media, and program instructions
collectively stored on the one or more computer readable
storage media, the program instructions comprising nstruc-
tions configured to cause one or more processors to perform
a method comprising:
receiving a training dataset including a plurality of labeled
images, respective ones of labeled images of the plu-
rality of labeled 1images including a label represented
by a bounding box having a designated class name;

obtaining characteristics of respective ones of the labels;

determining statistical information for respective ones of
the class names of the plurality of labeled 1images based
on the characteristics of each label associated with each
respective class name;

performing an outlier test based on the determined sta-

tistical information for a first designated class name to
receive at least one outlier label having the first desig-
nated class name;

recerving a modification of the at least one outlier label to

obtain at least one modified label, wherein the modi-
fication alters the at least one outlier label to be within
a range encompassing an average value of a label
characteristic; and

training an object detection model using the at least one

modified label.

12. The computer program product of claim 11, wherein
obtaining characteristics of each label includes determining
a size of each label, determining an aspect ratio of each
label, and determining red green blue (RGB) histograms of
cach label.

13. The computer program product of claim 12, wherein
determining statistical information includes determining a
tolerated label size range, determining a tolerated label
aspect ratio range, and determining a tolerated RGB histo-
gram range, wherein the outlier test 1s completed by com-
paring the outlier label to each of the tolerated label size
range, the tolerated label aspect ratio range, and the tolerated
RGB histogram range.

14. The computer program product of claim 11, wherein
the method performed by the one or more processors further
comprises, prior to recerving the modification of the at least
one outlier label:

presenting the modification of the at least one outlier label

as a proposed label modification to a user.

15. The computer program product of claim 14, wherein
the method performed by the one or more processors further
COmMprises:

receiving acceptance of the proposed label modification

from the user; and

narrowing the range encompassing the average value used

to alter the at least one outlier label.
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